3. Insert the capillary sealed end first through the sharp end of the needle and pull the needle out through the septa leaving the wider lip of the capillary hanging outside the septa. 4. Place the stopper on the test tube. (See Figure 1 above.) 5. Put several of these in a small plastic bag to be passed inside the glove box.
Inside the glove box: 6. Pass in the crystals to be mounted, the capillary tubes, and watch glass. Remove the capillary tubes in their vials from the plastic bag. 7. Place a small amount of the crystals onto the watch glass. Carefully, using the magnifying lenses and a fiber, select and isolate crystals to be mounted. 8. With a small amount of vacuum grease, adhere the crystal to the tip of the fiber and then to the side of one of the capillary tubes such that it is 1/2 of an inch from the sealed end inside the capillary. 9. Do this for at least three of each species to be mounted. Return the vials to the plastic bag for passing them out of the box.
In the hood:
10. Remove the capillary from the tube using the septa as a handle. The capillary will be surveyed for activity with a suitable hand held alpha survey instrument since direct swipe will not be practical. Only capillaries that have non-detectable, external alpha contamination will be suitable for continued use and this will be documented. 11. Gently, cut the capillary with the nail clippers to approximately 1 to 1 1/2 inches in length.
Caution: Keep an eye on the crystal. The goal is to shorten the tube for mounting. 12. Seal the open end of the capillary with epoxy. 13. Place the sealed crystal into the putty on a flat surface (such as the lid of the container for transport) such that the freshly sealed end can dry in air. 14. Prior to commencing the encasement in "Hard-as-Nails" (see Figure 2 ), the capillary will be once again surveyed for activity with a suitable hand held alpha survey instrument since direct swipe will not be possible. Only capillaries that have non-detectable, external alpha contamination will be suitable for use and this will be documented. Allow a couple minutes to dry. Paint the outside of the capillary with the Hard-as-nails. This will dry hard. This nylon based resin will hold any pieces of the glass and crystal together in one piece should the capillary somehow be dropped or crushed. A small red thread will be permanently attached to the capillary when the "Hard-as-Nails" coating is applied. This makes locating the capillary, should it be miss-handled, much easier. Once the nail coating has dried, a "Post-it" flag will be attached to the capillary as well. Prior to mounting on the goniometer assembly, the capillary will once again be surveyed by a certified alpha survey probe. Figure 2 . "Hard as Nails"
B) The transfer of the plutonium crystals in the HERL from the growth containers to the quartz capillaries that will be used as primary containment in the x-ray diffraction (XRD) measurements is a new activity.
This forms the first part of the amendment to RWA 1117 for this work. Note that similar procedures are being used successfully at Los Alamos National Laboratory for laboratory-based XRD measurements.
The capillary containing the plutonium crystal will be mounted on the XRD goniometer. The capillary will be mounted on a standard post with wax and rubber cement adhesive (see Figure˚3) . The height of the crystal will be adjusted to that required by the Beamline 11.3.1 diffractometer (which is about 69˚mm total from the base of the goniometer mount). A picture will be taken and placed in the laboratory notebook of the goniometer mount and capillary assembly. The goniometer mount will be indicated on the body as to the location of the alignment slot to make insertion into the diffractometer straightforward. Figure 3 . Rubber cement and was for mounting capillary to the post.
The goniometer-capillary assembly (GCA) will be surveyed by certified alpha and β-γ survey instruments. The results will be recorded. The goniometer base itself will be carefully swiped and counted in the HERL Ludlum 2929. If noncontaminated, work will proceed. The GCA base will be screwed into the plastic goniometer container and the threaded seal region taped to ensure that no material could escape. The goniometer container will be indicated with the appropriate radioactive labels. The exterior of the goniometer container will be swiped and certified as non-radioactive using the HERL Ludlum 2929. A plastic bag will be placed around the goniometer container and sealed. The plastic bag with the GCA will be placed in a tightfitting ice cream carton and sealed for transport to the ALS. The ice cream cartoon will be swiped and established as non-radioactive prior to transport to the ALS. Permission to proceed with the experiments at the ALS must be received before transporting the GCA to the ALS and the ALS Associate Health Physicists/Radiological control Technician-Brian Fairchild notified (x6212). The material must be transported to the ALS in accord with RWA 1117 restrictions. Figure 4 . Goniometer container.
C) Direct Determination of the Structural Properties of Plutonium Complexes by Small Molecule, Single Crystal, Synchrotron Radiation X-ray Crystallography at Beamline 11.3.1 at the ALS.
This is a new activity that is being incorporated into RWA 1117 to permit XRD characterization of the plutonium complexes at the ALS. Since the XRD work will use contained radioactive materials, it is more appropriate to associate the XRD activities with RWA 1117 rather than RWA 1007 which addresses in-vacuum experiments at the ALS with radioactive materials.
Brief Summary of ALS Experimental Activities
Location: Beamline 11.3.1 Experiment:
Small molecule, single crystal XRD in the 11.3.1 hutch Beamline Contact:
Al Thompson (x5590) EH&SRCT/HP Contact:
Brian Fairchild (x6212) The plutonium complex will be contained in a quartz capillary for the measurements. The quartz capillary will be the primary containment for the crystal and the use of such capillaries is common for small crystals, especially with radioactive materials, in XRD. A special nail polish will be applied to the outside of the capillary to form a second layer of containment or barrier, but primarily to prevent the capillary from both being broken in a catastrophic fashion and the material leaking out. In fact, similar procedures are being used successfully at Los Alamos National Laboratory for laboratory-based XRD measurements. Should the capillary drop, an affixed red thread will make finding the capillary easy. A "catcher" is being designed for the small molecule crystallography stage so that if the capillary becomes detached from the goniometer mount post, it will fall into one of these two trays for safe and easy recovery. During the experiment, the hutch will be designated as an RMA and before returning to general use, will have to be released by the RCT/HP. Since the sample is a multiply contained solid with a special anti-fracture coating and the experimental area will be designated as an RMA, should there be an unexpected occurrence, there would be no personnel and procedural ramifications. All handling of the plutonium crystals at the ALS will be done in the presence of the ALS RCT/HP or the RCT/HP designate.
We have gone through a dry run with Al Thompson on 14 May 2003 at Beamline 11.3.1 with a non-radioactive crystal so that we could prepare and understand what is entailed for the actual radioactive experiments. Another non-radioactive crystal will be prepared in this manner for testing at Beamline 11.3.1 with Al Thompson during the first week of June 2003. This will ensure proper data collection from capillaries and will double check that there will be no collisions with the capillary.
Amount of material at the ALS: One crystal at a time, except for loading and unloading operations at which time we would like to be able to unload a sample and load another without having to return to the HERL (two samples on the floor during loading/unloading operations but only one open at a time). The total amount of Pu-239 in a single crystal plutonium complex will not be greater than 4 mg and this number is very conservative. The amount of Pu-239 in these crystals should be much less than this. This translates into a maximum activity for each crystal of 2.5 x10 -4 Ci, ~1 x10 5 dps (Pu-239 SpA=0.06204 Ci/g, alpha-emitter). The Pu-239 used in these complexes is isotopically quite clean, although there will be the accompaniments of 238, 240, 241, 242-Pu and Am-241 (lower than usual levels resulting from clean source of Pu-239).
The ALS Experimental Form, the Experimental Hazards Form, and the Radioactive Materials Form will be completed for these experiments.
General ALS Procedures
All handling of the plutonium crystals at the ALS will be done with the ALS RCT/HP or designate present. Standard radiological precautions and safety procedures will be employed. The usual complement of personal protective equipment will required to handle the materials at the ALS (gloves, coat, glasses, and TLD badge).
The detailed preparation of the plutonium (Pu-239) crystals for XRD, has been described as above, to obtain permission to grow the plutonium crystals and to prepare them for XRD measurements under RWA 1117 in the HERL prior to any ALS work. It is important to note that similar procedures are being used successfully at Los Alamos National Laboratory for laboratory-based XRD measurements. The procedures to be used at the ALS have been developed along with input and interaction of Al Thompson, the Beamline 11.3.1 scientist. Beamline 11.3.1, the location of the XRD experiments at LBNL, is a joint ALS and University of California, College of Chemistry beamline facility. The radioactive material will be doublecontained and used under ambient conditions (except for nitrogen jet cooling).
The plutonium crystals will be mounted in sealed capillaries for the XRD work at ALS Beamline 11.3.1. The exterior of the capillary will not be radioactive. The capillary will then be coated with "Hard-as-Nails" polymer coating that will prevent catastrophic failure of the quartz capillary and release of material. Furthermore, this provides an additional barrier. During the experiments, the x-ray hutch also provides an additional level of isolation and access control. A red thread will be attached to the capillary coating to ensure convenient visual location in case of an unexpected event. The entire sample assembly will be brought to the ALS intact to minimize the amount of handling at the ALS. We have run several failure tests of XRD capillaries coated with "Hard-as-Nails" at LBNL to establish that it will be effective in the case of an unexpected event. Its use for this purpose has been approved at Los Alamos National Laboratory. The results of these tests are shown in Figure 5 , images a-f. The sealing properties of the capillaries and another simulated event are illustrated in Figure 6 , images a-d. The goniometer head with the brass holding post that mounts the coated capillary (via epoxy and wax) is shown in Figure  6e . The top picture in Figure 6e shoes the goniometer mount screwed into the base of the plastic goniometer container. A clear plastic shroud also screws onto the threads of the base. This provides sufficient clearance for a mounted capillary and forms an excellent transporter for the goniometer-capillary assembly (GCA) and the completely assembled unit has been shown previously in Figure 4 .
A temporary RMA will be set up and posted at ALS Beamline 11.3.1 to unload the goniometercapillary assembly (GCA) from the ice cream cartoon. The GCA will be examined through the clear plastic container upon arrival to ensure that the GCA is intact before unloading the GCA from the container. The GCA will be inverted vertically for several minutes to ensure that the capillary is well-affixed to the GCA post after transport. Upon removal of the GCA from the container, the GCA will be monitored with survey meters as will the inside of the goniometer container. The standard ALS radioactive materials emergency response kit and meters assigned to the ALS will be utilized. Any waste materials generated will be transported back to the HERL for disposition or will disposed of by the RCT/HP.
The access to the BL-11.3.1 diffractometer goniometer mount will be cleared by remotely moving both the nitrogen jet cooling and the beam stop apparatus away from the goniometer head mount with the modular small molecule diffraction stage that will be utilize for the measurements. A "catcher" is being designed for the small molecule crystallography stage so that if the capillary becomes detached from the goniometer mount post, it will fall into one of these two trays for safe and easy recovery. The catcher platforms will be assembled and put in place. At this time, the BL-11.3.1 x-ray hutch will be posted as an RMA and the GCA attached to the diffractometer mount. Note that there has been a dry run of this procedure without the catcher trays on the 14th of May 2003 with Al Thompson at the beamline. The location of the mounting slot on the GCA will have been indicated to make mounting to the diffractometer straightforward. Using the test GCA assembly, there was no problem safely mounting to the diffractometer receiver although some dexterity is required. Should the entire GCA be fumbled during this procedure, it would likely ruin the capillary (without rupturing) but there would be no additional consequences other than ending the current experiment. The "Post-it" flag will be removed from the capillary, leaving just the red thread as a visual aid. The temporary RMA outside of the Beamline hutch will be surveyed and decommissioned.
Once the GCA is mounted to the diffractometer, the nitrogen jet and beam stop apparatus will be moved back into place. The final alignment of the capillary with respect to the beam will be accomplished via video camera. Should any fine height or xy positioning of the capillary be needed, this can be done easily via the goniometer mount adjustments. Once this has done, data collection may proceed once approved by the beamline scientist responsible for data collection. The nitrogen jet stream cooler will be used and these have been used with capillaries before and this will not cause problems with the "Hard-as-Nails" coating. Of course, the x-ray hutch must be closed to enable the x-rays, thus limiting access to the diffractometer and GCA. This adds an additional barrier to contact and access to the plutonium crystal. During data collection, there are no collision hazards. This will be further established during tests with a non-radioactive crystal in the exact same capillary system that will take place in the first week of June 2003.
Once the GCA is mounted, an inspection of the GCA integrity will be performed prior to entering the hutch by remote video camera.
Once data collection has been completed, the GCA will be removed in a similar, but reverse manner to its installation. Before removal, the GCA assembly will be inspected to make sure that it is intact before removal from the diffractometer mount. The external RMA will be set up to receive the GCA. The GCA will be surveyed, placed into the plastic container, sealed, bagged, an placed into the ice cream carton. The instrumentation in the x-ray hutch in close proximity will be surveyed and swiped. Should this be the only or final sample, the surveys and documented swipes will be used to release the Beamline 11.3.1 hutch to non-radioactive general use and will be de-posted by the RCT/HP. There will be no general access to the hutch until it has been formally released. There is no need to have a researcher present during the entire data collection process unless so desired as there is sufficient access control unless desired by the beamline scientist. Should another sample be ready for characterization, the loading process will be initiated and the formal release activities performed only at the end of the entire experimental run. Once all samples have been transported from the ALS, the temporary external RMA will be surveyed and de-posted.
Emergency procedures: The standard emergency response information will be posted at the beamline along with RWA and the contact information of the researchers. Should unanticipated condition arise during the procedures, the experiment will hold and contact the RCT/HP prior to proceeding further. Representative of what might happen if dropped or stepped on, this capillary was crushed with a rubber mallet. Notice how the structure remains intact due to the outer nylon coating. This piece is actually quite flexible and can be bent and twisted while remaining intact.
d) This is a close up view of the above crushed capillary. Notice how the crystal is also crushed, but remains localized and contained by the capillary. e ) (above) The goniometer head on which the capillary will be mounted. This will then be used to align the crystal at the x-ray diffractometer in 70A prior to transfer to the ALS. The capillary fits snugly into the brass pin and secured with wax. This can be adjusted with the screws on the side of the goniometer. The goniometer screws into the black base which in turn has a clear plastic cover for transport. The entire assembly can then be placed in an insulated steel paint can for transportation between facilities. f) A close-up of the brass holding pin.
